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ABSTRACT 

Three experiments were conducted to evaluate the effects 

of a fat-supplemented diet on the horse. Experiment one 

examined the effect of a diet which contained 20% digestible 

energy as corn oil fed to four horses in comparison with a 

control group. Plasma lipoproteins, muscle lipoprotein 

lipase, total serum lipids, and ultrasound-estimated body fat 

were monitored for 10 weeks. The plasma lipoproteins 

fractionated into VLDL, LDL, HDL and albumin, and each was 

assayed for protein, cholesterol and triglyceride content. 

Results indicated that the fat-fed horses increased in LDL and 

HDL protein, VLDL triglyceride, and LDL and HDL cholesterol 

content. There was a slight increase in total serum lipids 

while body fat was unchanged. 

In experiment two, two horses were fed the same fat diet 

and two horses served as controls. Total serum lipids and 

plasma lipoproteins were analyzed from samples obtained during 

a post-prandial sampling period at 2, 4, and 6 weeks of the 

trial. Results indicated an adaptation by the fat-fed horses 

to the added dietary fat through an increase in lipoprotein 

protein content, suggesting larger quantities of the 

lipoprotein fractions. LDL and HDL cholesterol levels also 

increased. Finally, VLDL triglyceride levels increased in the 

fat-supplemented horses reflecting the increased absorption 
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and availability for utilization of the added dietary fat. 

Experiment three examined the effect of a fat

supplemented diet on exercising horses. All seven horses were 

fed the high fat diet, and four of them were exercised. A 

standard exercise test was administered at the start and end 

of the trial to assess the conditioning program. Total serum 

lipids, plasma lipoproteins and percent body fat were 

monitored at weeks 3 and 6 of the trial. Blood samples were 

collected as in experiment two. The exercised horses 

exhibited lower VLDL and LDL triglyceride levels as well as 

lower LDL cholesterol levels. These data suggest that 

exercise increased the utilization of dietary fat for exercise 

in the horse, and could subsequently be used as a high-energy 

feed source in these animals. 
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CHAPTER ONE 

INTRODUCTION 

Considerable amounts of time and money have been devoted 

to research to find optimal diets for horses during various 

stages of production and performance. The National Research 

Council (1989) has compiled the most recent findings and 

established the requirements for the various nutrients by the 

horse during the different stages of production. The NRC also 

describes the most accepted feedstuffs that can be used to 

meet the dietary needs. However, it is often necessary to 

sUbstitute for the more traditional feedstuffs in diets with 

more readily available and sometimes less expensive feeds. 

For many years, horsemen have added fat, in the form of oil, 

to the diet of horses. However, no one has examined how fat 

may affect the horse during various stages of production. 

Therefore, this study was designed to examine the effect of 

dietary fat on lipid transport and utilization in the horse 

during maintenance and exercise. 
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CHAPTER TWO 

LITERATURE REVIEW 

Sources of Energy: Carbohydrates and Fats 

The most important item in a horse's diet is energy. 

without the proper amount of energy, the horse's ability to 

perform optimally is restricted. The most traditional form of 

energy in the horse's diet is supplied by carbohydrates. The 

nonstructural carbohydrates include starch, maltose and 

sucrose, and are generally digested in the stomach and small 

intestine. The structural carbohydrates, such as cellulose 

and hemicellulose, require anaerobic fermentation by cecal 

microbes. The final energy product from nonstructural and 

structural carbohydrates are glucose and volatile fatty acids, 

respectively. The ratio of carbohydrate types in the diet 

depends on the ratio of concentrate to forage, with 

concentrates being high in nonstructural carbohydrates, and 

forages high in the structural carbohydrates. It has been 

widely accepted that animals can obtain 4 kcal of 

metabolizable energy per gram of carbohydrate in the diet 

(Atwater and Bryand, 1900). 

Generally, horses fed to maintenance can easily meet 

their energy needs through the appropriate amount of a forage 

source. For example, a mature, 500 kg horse fed to 

maintenance, requires 16.4 Mcal digestible energy (DE) per day 
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(NRC, 1989). This horse could easily meet this need with 7.32 

kg/day of a good quality, early bloom alfalfa hay, or 9.00 

kg/day of a good quality timothy grass hay (as fed basis). 

However, when production or performance such as growth, 

lactation or work are added, the energy requirement increases. 

There is a practical limit to the amount of hay a horse can 

consume and effectively utilize during a meal thus requiring 

the addition of a concentrate, such as corn or oat grain, 

added to the ration. These energy dense concentrates supply 

the extra energy required by the animal. This has been the 

conventional method of horse feeding which works quite well 

for the average individual. However, in various geographical 

areas and climates, these concentrates are not always readily 

available or affordable. In addition, carbohydrates often 

lead to laminitis and colic when fed at high levels. Fast 

growing horses and intensely worked animals cannot tolerate 

the high levels of carbohydrate concentrate in their diet. 

Therefore, another form of energy is needed which can be fed 

in relatively small amounts, be efficiently utilized, and most 

importantly, be palatable to the horse. With these criteria 

in mind, researchers began studying the effects of a very 

common, yet non-traditional form of energy: fat (Potter et 

al., 1989; McCann et al., 1987). 

Although the average horse diet contains a small amount 

of dietary fat, the addition of extra fat may provide the 
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energy needed without adding bulk. Fat provides 2.25 times 

more energy on a per gram basis than carbohydrates (Atwater 

and Bryand, 1900). In addition, major sources of fat corne as 

by-products of other processes, such as tallow from a 

rendering plant and is readily available in most areas. Fat 

can corne from two sources, animal or plant, and is in either 

a solid form (high degree of saturation) or liquid form (high 

degree of unsaturation). 

Briefly, added dietary fats are mostly in the form of 

triglycerides. Triglycerides are hydrolyzed by lipases in the 

intestine and are broken down to predominately free fatty 

acids and mono-glycerides in the small intestine. Absorption 

of these substances occurs through the intestinal wall. While 

in the intestinal wall, the lipids are synthesized into 

predominately cholesterol esters, mono-, di-, or tri

glycerides, are loaded into lipoproteins, and transported in 

the circulatory system. Depending on the need by the animal 

for energy, the lipids in the lipoproteins are either utilized 

by muscle for energy or stored in adipose tissue. 
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Dietary Fat: Lipoprotein Transportation 

The lipoproteins (LP) are the major vehicle of dietary 

lipid transport through the circulation. Composed of varying 

portions of lipid and protein, the lipoproteins are classified 

by density into four families: chylomicrons, very low density 

lipoproteins (VLDL), low density lipoproteins (LDL) , and high 

density lipoproteins (HDL). Although not considered a 

lipoprotein, albumin is also mentioned here as it is a 

transporter of free fatty acids. The major constituents of 

the LP include protein, cholesterol, triglycerides, 

phospholipids and apoproteins. Chylomicrons and VLDL are the 

primary triglyceride carriers whereas HDL is composed mainly 

of cholesterol and protein. Low density lipoprotein tends to 

be an intermediate as it is generated from VLDL after loss of 

triglyceride. 

Figure 1 provides a schematic of the lipid transport 

pathway via the lipoproteins. Chylomicrons from the intestine 

and VLDL from the liver, both of which are triglyceride rich, 

deliver their lipid to the extrahepatic capillary beds via 

lipoprotein lipase (discussed later in this review). The 

remnants of the chylomicrons and VLDL will either scavenge 

free cholesterol and phospholipids to form HDL, or are 

converted by the liver to LDL. High density lipoproteins 

interact with the LCAT enzyme, and LDL are catabolized by a 

LDL specific extrahepatic receptor. (Havel, 1980) 
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There have been numerous studies in humans with regards 

to lipoprotein metabolism, however information about horse 

lipoproteins is scarce. In a specie comparison study, 

Hollanders et al., 1986, reported that the horse exhibited 

three distinct lipoprotein classes: VLDL, LDL, and HDL. 

Furthermore, the HDL fraction appeared to be homogeneic. In 

other species, humans included, the HDL will divide into 

subclasses such as HDL1, HDL2, etc. In addition, these 

authors found that the horse exhibited very high levels of 

HDL, high levels of VLDL, and moderate to low levels of LDL. 

Other data have shown there to be no differences in LP values 

due to breed type in the horse (Robie et al., 1975). 
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Dietary Fat: Use as an Energy Source 

There has always been some amount of fat in the diets of 

animals. The commonly fed diets, which usually contain corn, 

oats or soybean meal, all have a small amount of endogenous 

fat. Actually, it is the fat in a diet which gives added 

texture and palatability. A feed that is completely devoid of 

fat is generally dry and unappealing to the animal. Horses 

will readily consume a diet enriched with fat since the fat 

generally tends to add extra flavor (NRC, 1989). This is 

assuming that the fat is not rancid. One of the early studies 

with fat revealed that horses could tolerate diets containing 

up to 18% fat (Hintz et al., 1973). Later studies confirm 

this finding, and Bowman et ale (1977) found that horses can 

actually tolerate as much as 20% added dietary fat. 

Bowman and coworkers (1979) also compared the 

palatability of 10 fats or fat mixtures. The added fat was 

fed to horses at a level of 15% in the diet. They observed 

that out of all the various animal/vegetable fat mixtures 

used, the horses preferred corn oil. This follows logically 

since corn is one of the most commonly fed carbohydrate 

sources of energy. 

In the study by Bowman and others (1977) results show 

that the horse could digest 90% of the fat in a 20% added fat 

diet. Kane and coworkers (1979) found that corn oil may be 

used to increase the energy content of the horse's diet 
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without inhibition of dry matter and acid detergent fiber 

digestibility. In addition, increased ether extract 

digestibility and energy balance was observed. Most 

importantly, these authors noted that the energy gained from 

fat was not lost as heat due to the fermentation process in 

the cecum. This is a serious loss of heat from carbohydrate 

energy sources and may be an important factor to consider in 

hot climates. The data of Hinkle and others (1983) also 

support the theory that there is a reduction in the heat 

produced due to the decreased fermentation of starch in the 

cecum when fat is substituted for carbohydrates. 

Not only is corn oil the most preferred source of fat by 

horses, but when compared to inedible tallow and an animal

vegetable blend, Rich et ale (1981) found that corn oil, at 

10% of the diet, increased apparent digestibility of energy. 

McCann et ale (1987) also acknowledged higher DM digestibility 

in the corn oil diet at the 15% level. However, these authors 

did not see a difference between the three fat types and 

apparent digestibility of energy. As previously mentioned in 

Kane et ale (1979), Rich and others did not show any effect of 

dietary fat on the apparent digestiblity of acid detergent 

fiber. In addition, this group found that the added fat did 

not affect the apparent absorption of minerals. 

Another area of concern regarding high fat diets, is that 

fat supplemented diets were found to depress calcium 
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absorption in poultry (Fedde et al., 1960), and sheep (Tillman 

and Brethour, 1958). However, this does not appear to be a 

problem as no fat effects were found on Ca absorption in 

horses (Bowman, 1977), lactating dairy cows (Sharma et al., 

1978), swine (Newmann et al., 1967) and lambs (Davison and 

Woods, 1961). 

To further justify the use of high fat diets, Glade and 

coworkers (1983) suggested that high carbohydrate diets may 

alter hormone profiles and affect bone development in horses. 

Lawrence and others (1989) examined this area by feeding diets 

high in either fat or carbohydrate to growing yearlings. 

These authors found that there were no significant differences 

in growth of these yearlings due to diets. In addition, there 

was no visual evidence to suggest any bone development 

problems during the study. However, differences in certain 

hormonal responses due to diet were noted. These varying 

hormonal responses may be accredited to differences in feed 

intake, as the horses on the high carbohydrate diet had a 

greater feed intake and showed a tendency toward higher weight 

gains. These results disagree with those of Scott et ale 

(1987) wherein yearling horses fed a diet containing added fat 

required less total feed intake per unit weight gain than 

thoses fed a diet containing no added fat. The former authors 

suggest that the descrepancy between studies may have been due 

to some residual carryover between treatments as a cross-over 
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design was used. 

To further examine the idea of improper structural growth 

in young horses, Davison and coworkers (1989) fed 30 weanling 

horses one of two diets for 112 days: no added fat or 10% 

added fat. Various growth parameters were measured such as 

weight gain, wither and hip height, etc. However, these 

authors used radiographs of the right carpus and metacarpal

phalangeal joints to measure the degree, if any, of 

abnormality due to diet. The results of this study revealed 

that diets with 10% added fat promoted greater efficiency of 

feed utilization and improved nutrient digestibility compared 

to a conventional concentrate. In addition, both groups grew 

at normal rates and there were no clinical or radiographic 

evidence of bone abnormalities in any of the horses on either 

treatment. This same group a few years earlier (Davison et 

al., 1987) had initially fed a 5% fat added diet to pregnant 

and lactating Quarter horse mares. The results indicated that 

not only was less feed consumed during gestation, but there 

was a tendency for early growth advantages of the foals from 

these mares. 

From these findings, it appears that current research 

supports the use of added fat in a horse's diet as a 

supplemental/substitutional energy source during growth, 

gestation and lactation. In addition, feeding a concentrate 

diet containing 10% added fat has also improved the use and 
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efficiency of digestible energy in horses for maintenance 

without detrimental effects (Potter et al., 1989). 



Dietary Fat: Exercise 

The horse is a very athletic animal. 
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The ability to 

travel over long distances has made the horse very popular for 

endurance riding, and the ability to run fast over short 

distances has made the horse popular as a racing animal. 

During exercise, energy either comes from the glycogen stored 

in the muscle and liver, from adipose tissue and oxidation of 

fat stores, or from a combination of these sources. It was 

suggested early on that fats may be beneficial on the 

subrnaximal exercise performance in training and competition 

regimens (Carlson et al., 1965; Hambleton et al., 1980). 

During submaximal exercise, metabolism is basically 

aerobic. Fat is metabolized under aerobic conditions. Both 

rats (Miller et al., 1984) and horses (Meyers, 1986) have 

shown increased aerobic endurance when fed a high fat diet. 

Furthermore, Slade et al. (1975) found increased plasma 

glucose levels after exercise in horses fed dietary fat. 

Also, Hintz and others (1978) reported a smaller decline in 

blood glucose after exercise in thoroughbred and Arabian 

horses receiving an 8% fat added diet after being ridden 

slowly, over long distance. In all these studies the exercise 

has been aerobic with an excess of fat present. This suggest 

a sparing effect on the glycogen-to-glucose system, with the 

final result measured as increases or smaller decreases in 

blood glucose values. 
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In 1980, Hambleton and associates studied the effects of 

varying levels of dietary fat. These authors reported that 

not only did plasma glucose levels increase in exercised 

horses, but as the percentage of fat in the diet increased, 

the plasma glucose levels increased. There was 58% more 

plasma glucose in horses fed a 16% fat diet compared with the 

4% diet. There were no dietary effects on serum enzymes or 

electrolytes. Also, increased dietary fat resulted in 46% 

more muscle glycogen in preexercised horses up to the 12% 

added fat level. However, conditioning, exercise, and diet 

did not significantly affect liver glycogen concentrations. 

More recently, Webb and others (1987) added 10% fat to 

the diets of cutting horses. These horses exhibited improved 

work performance over horses without added fat by performing 

more hindquarter turns and tolerating higher post-exercise 

plasma lactate levels. 

It appears that horses receiving added dietary fat are 

definitely utilizing it for energy. When thoroughbred horses 

were fed 0, 5, 10, or 20% of digestible energy as corn oil and 

strenuously exercised, they were able to satisfy their energy 

requirements (Duren et al., 1987). This fat is either being 

used for the energy needed for exerise, basic maintenance, or 

possibly both. It appears that much of the fat is used 

preferentially for exercise when needed as horses on a 5-10% 

added fat diet spared muscle glycogen reserves during exercise 
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(Meyers et al., 1987). Greiwe et al. (1989) supports these 

findings by reporting that the fat-added group of horses in 

their study used less muscle glycogen during exercise. These 

researchers suggest that triglycerides are being used for the 

energy source; as a preferential use of muscle triglycerides 

over muscle glycogen was seen in humans after 12 weeks of 

endurance training (Hurley et al., 1986). However, Moser et 

al. (1989) reported that conditioned horses, upon infusion of 

triglycerides pre-exercise, did not increase the use of the 

circulating triglycerides during exercise as evidenced by the 

lack of clearance differences between exercised and non

exercised horses. 

until now, the studies conducted examined the effects of 

a fat added diet on aerobic exercise. However, Oldham et al. 

(1989) examined the possibility of fat aiding during anaerobic 

performance. After adapting thoroughbred racehorses to a high 

fat diet, the horses had a greater resting muscle glycogen 

concentration when compared to a control diet group. During 

the standard exercise test, which was designed for anaerobic 

metabolism, the amount of glycogen mobilized was greater for 

the high fat fed horses. This may indicate that the greater 

stores of muscle glycogen were available for glycogen 

breakdown via glycolysis during anaerobic work. 

Much of the data reported points toward the positive use 

of added dietary fat for supplemental/substitution of energy. 
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This form of energy may enhance aerobic work and possibly 

anaerobic work by increasing energy stores. The mechanism 

through which fat is working is, as of yet, unknown. However, 

one mechanism that has received attention recently in other 

species is a lipid enzyme associated with lipoprotein 

metabolism call lipoprotein lipase. 
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Lipoprotein Lipase: One Route of Fat Uptake 

During exercise, the first major source of energy used is 

the glycogen that is stored within the muscle. This is 

because the breakdown of glycogen can occur very quickly, 

while the utilization of stored fatty acids takes longer. 

However, as exercise progresses, a maj or portion of the 

energy required by the muscle comes from the oxidation of 

fatty acids. There are three sources of fatty acids which the 

muscle may utilize: 1. adipose tissue; 

itself 3. plasma chylomicrons and VLDL. 

2. working muscle 

The fatty acids are 

released from triglycerides and enter the oxidative pathway 

which ultimately yields ATP. The fatty acids must be 

hydrolyzed from the glyceride. In adipose tissue this event 

occurs due to the presence of hormone-sensitive lipase, 

whereas, in the circulation and muscle, hydrolysis is mediated 

via the lipoprotein lipase (LPL) enzyme. 

Lipoprotein lipase is a glycosylated protein which is 

synthesized in the parenchymal cells and transported to its 

functional site via some unknown mechanism. The apoprotein 

ell is essential for optimal activation of LPL. In the 

circulation, LPL is anchored in the luminal surface of the 

capillary endothelial cells of the extrahepatic tissue. As 

chylomicrons and VLDL's circulate past, the LPL is able to 

hydrolyze and liberate fatty acids which may then be utilized 

for energy. One unique characteristic of LPL is that it can 
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be liberated from the endothelium and released into the blood 

upon exposure to heparin. This allows the measurement of LPL 

activity via the sampling of blood. The regulation of LPL is 

not completely understood, however, there may be some hormonal 

influences, such as glucocorticoids and catecholamines. 

(Nikkila, 1987). 

The LPL in skeletal muscle is in two different pools. 

First, there is the already mentioned LPL at the capillary 

endothelial cell of the muscle. The second pool is the muscle 

cell LPL. This muscle non-endothelial LPL is thought to 

function primarily in the hydrolysis of the intramuscular 

triglyceride stores (Oscai et al., 1982). It has been 

established that the uptake of circulating chylomicron fatty 

acids by various muscles is closely related to their LPL 

activity (Linder et al., 1976; Tan et al., 1977). The 

variation in LPL activity between different muscles has been 

shown to depend on fiber type. There is higher LPL activity 

in fast and slow twitch red fibers, while the fast twitch 

white fibers have low LPL activity (Borensztajn et al., 1975; 

Linder et al., 1976; Tan et al., 1977; Mackie et al., 1980). 

This then ties in with the idea of long, slow endurance-type 

exercise, which uses more of the red, oxidative fiber types. 

These fibers utilize more fatty acids for energy. Moreover, 

acute exercise has been shown to modulate LPL activity of 

muscle and adipose tissue so as to redistribute the usage of 
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circulating triglycerides (Nikkila et al., 1963). In 

addition, actual increases in skeletal muscle LPL activity 

have been reported due to more prolonged, endurance-type 

exercise (Askew, 1972). 

One theory on the increased LPL activity in skeletal 

muscle proposes that exercise first stimulates the relocation 

of LPL from the intramuscular non-endothelial state to the 

endothelium state (Nikkila, 1987). This mechanism by which 

the actual increase in skeletal muscle LPL activity occurs is 

unclear, however, perhaps by decreasing the uptake by adipose 

tissue, the fatty acids become more readily available for the 

muscle. Of course, there may be other influences such as 

hormonal changes due to exercise (Lawrence et al., 1989). 

Conditioned muscle have significant potential to utilize 

fatty acids for energy during exercise (Bjorntorp et al., 

1972). However, exercise training has shown mixed results 

with regard to LPL activities. Borenstzajn et al. (1975) 

found increased LPL activity in all fiber types of skeletal 

muscle in trained rats, whereas Oscai et al. (1982) found 

increased activity of intracellular muscle LPL but not of the 

endothelial LPL. In humans, endurance training has increased 

endothelial LPL in skeletal muscle while sprinters that were 

power trained exhibited no LPL changes (Nikkila et al., 1978). 

However, one significant study revealed that cessation of 

exercise for 10 days in highly trained men resulted in a fall 
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of post-heparin LPL activity (Thompson et al., 1984). 

Therefore, it appears that exercise certainly has some 

affect on the LPL activities of adipose tissue and skeletal 

muscle. This leads to an altered used of fatty acids during 

exercise. 

In man and experimental animals, carbohydrate intakes 

resulted in lower levels of muscle LPL activity (Kotlar and 

Borensztajn, 1977; Lithell et al., 1985). On the other hand, 

rats fed fat-rich diets showed an increase in heart LPL 

activity (Miller and oscai, 1984). This would suggest that 

perhaps fat-enriched diets may have a positive affect on 

muscle LPL activity. 

A recent study by Brown and Layman (1988) examined the 

effects of a high fat diet fed to rats on LPL activity. These 

authors support the conclusion that LPL activities of skeletal 

muscle and adipose tissue are sensitive to dietary 

manipulation. Their results indicated that high fat feeding 

resulted in lower post-heparin LPL activity which indicates 

lowered adipose tissue LPL activity. In addition, the LPL 

activities of the soleus and plantaris muscles, which are 

oxidative in type, were elevated in response to the high fat 

diet. 

The literature cited certainly indicates that there is 

the possibility of increasing muscle LPL activity upon 

administration of a high fat diet. 
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CHAPTER THREE 

MATERIALS AND METHODS 

Experiment One 

General 

Horses: Eight two year old horses, 4 fillies and 4 

geldings, of Quarter horse and thoroughbred breeding were 

used. The horses were randomly divided into two groups of 

four based on breed, sex and weight. Horses were housed in a 

large dry lot during the day to allow free exercise, and fed 

in individual 12 x 12 ft. pens twice daily. At the start of 

the study, all horses were current in all vaccinations and 

deworming, and were considered clinically heal thy by the 

veterinarian. 

Diet: The basal diet consisted of chopped alfalfa hay 

fed to meet 80% of the digestible energy (DE) requirement for 

2 year old horses not in training (NRC, 1989). The remaining 

20% DE consisted of either rolled corn, control, or corn oil, 

fat (Table 1). Both corn and corn oil were added topically to 

the chopped hay. Horses received 1/3 of the ration A.M. and 

2/3 of the ration P.M. After a two week adjustment period to 

chopped hay, horses were fed the experimental diets for 10 

weeks. 
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Table 1. Daily Ration and Energy Content of Experiment One 

Requirement 

Alfalfa hay, chopped 
Rolled corn 
Total/d 

Alfalfa hay, chopped 
Corn oil 
Total/d 

18.8 Mcal DE/d 

Control 

Intake (kg/d) 

5.50 
0.91 
6.41 

DE (Mcal/d) 

15.07 
3.50 

18.60 

Fat-supplemented 

Intake (kg/d) 

5.50 
0.42 
5.92 

DE (Mcal/d) 

15.07 
3.78 

18.80 



Sampling: 
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After the two week adjustment period, the 

horses were tranquilized and biopsied for muscle tissue. 

Muscle biopsies were obtained from the gluteus medius muscle 

over the hip, 13-15 cm from the point of the hip. The area 

was clipped and scrubbed with a betadiene solution and 

alcohol. A small incision was made with a scalpel blade to 

allow easier passage of the biopsy needle through the skin. 

The biopsy needle (5mrn, DePuy Manufactoring Co., Warsaw, IN) 

was inserted several times until approximately 25 mg of sample 

was obtained. A single suture was used to close the incision. 

Muscle samples were taken at the start, middle and end of the 

10 week feeding period, alternating sides of the animal each 

time. Samples were frozen and stored at -70°C until further 

analysis. 

Blood samples for serum and plasma were obtained at the 

start of the trial and then every 2.5 weeks until the trial's 

end. Both plasma and serum were frozen and stored at -20°C 

until further analysis. 

Body weights were monitored every 2.5 vleeks to insure 

that maintenance levels were being maintained. Body 

composition was monitored by ultrasound method for estimation 

of percent body fat (Kane et al., 1987). The following 

equation was used to calculate percent body fat: 

% body fat = 5.47(ultrasound fat) + 2.47 
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Analytical Procedures 

Tissue: Muscle tissue was analyzed for lipoprotein 

lipase (LPL) activity (Nilsson-Ehle and Schotz, 1976). The 

tissue was homogenized in solution and incubated with 3H

Triolein (NEN Research Products, Boston, MA). The number of 

fatty acids released, as measured by radioactivity, reflects 

the LPL activity as pmol FFA released/min/gm tissue. 

Serum Lipids: Serum samples were measured for total lipid 

content. A standard chloroform-methanol extraction procedure 

was used to extract the lipid from the rest of the serum 

constituents (Dryden et al., 1975). Samples were homogenized 

with 2:1 chloroform:methanol on an Omni mixer for one minute, 

filtered, and the volume adjusted. A salt solution was added 

to precipitate out the proteins and the solution was 

centrifuged. The chloroform-methanol layer containing the 

lipid was extracted and placed into pre-weighed beakers. The 

beakers were evaporated in a vacuum oven until dry, cooled in 

a dessicator, and weighed. The final value of total lipid is 

given as mg lipid/ml serum. 

Lipoproteins: Plasma lipoproteins were separated by 

ultracentrifugation and agarose-column chromatography (Ochoa, 

1988) . The chromotography column was composed of two 

individual columns, 100 cm long, connected consecutively. 

Columns 1 and 2 were packed with Sepharose CL-4B and Sephacryl 

S-200, respectively (Pharmacia, Inc., Piscataway, NJ). An 
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average volume of 5 ml of lipoprotein sample was introduced to 

the column and eluted with 0.15 M NaCI buffer (pH = 7.4), 

containing 0.01% EDTA and 0.02% Na azide at a flow rate of 44 

mljhr. Fractions of the eluate were collected by an ISCO 

fraction collector Model 1220 (ISCO, Inc., Lincoln, NE) timed 

at 11 min per fraction. The concentrations of lipoproteins 

were detected by an ISCO optical unit (Type 6) at U . V . 

absorbance of 280. The peaks correlating to lipoproteins 

within fractions were detected by an ISCO (UA-5) peak 

separator and marked on a corresponding graph recorder. The 

individual lipoproteins were eluted and collected based on 

particle size over a 24 hour period per sample. Peak one 

corresponded to the chylomicron and VLDLi peak two, LDLi peak 

three, HDLi and peak four, albumin. Lipoprotein fractions 

were verified against a standard using gel electrophoresis. 

The VLDL, LDL, HDL, and ALB samples were then 

concentrated using YM 30 filters in Amicon stirred-cells 

(Amicon, Corp., Panvers, MD). The samples were stored in a 2 

ml volume of the same elution buffer used through the column. 

Prior to concentration, the LP fractions were analyzed 

for protein content according to the method of Lowry et al., 

(1951). Following concentration, the fractions were analyzed 

with analytical kits for cholesterol (Boehringer Mannheim 

Diagnostics, Indianapolis, IN), and triglyceride (Sigma 

Diagnostics, st. Louis, MO). 
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Experiment Two 

General 

Horses: Four horses, 2 fillies and 2 geldings, from 

Experiment One were used, two from each of the two 

experimental groups. The horses were housed and maintained 

exactly as they had been in the previous experiment. Horses 

were divided into two groups, group 1-control, and group 2-

fat. 

Diet: The diets were the same as in Experiment One 

except that the NRC, 1989, requirement for three year olds, 

not in training was the energy level fed (Table 2). After a 

one week adjustment period to the chopped hay, the diets were 

fed for six weeks. 

Sampling: At 2, 4 and 6 weeks of the trial, serial blood 

samples were obtained. On each sampling day, the horses were 

equipped with a jugular catheter prior to the A.M. feeding. 

An initial blood sample was taken and the horses were allowed 

to eat. At weeks 2 and 4, serial samples were drawn hourly 

until 8 hours post-feeding. At week 6, samples were drawn at 

one hour post-feeding, every half-hour until 4 hours, then at 

5 and 6 hours post-feeding. Plasma and serum samples were 

frozen and stored a -20°C until analysis. 

Body weights were recorded and monitored at the start, 

middle and end of the trial to ensure that maintenance levels 
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Table 2. Daily Ration and Energy content of Experiment Two 

Requirement 

Alfalfa hay, chopped 
Rolled corn 
Total/d 

Alfalfa hay, chopped 
Corn oil 
Total/d 

19.9 Meal DE/d 

Control 

Intake (kg/d) 

5.80 
1. 01 
6.81 

DE (Meal/d) 

16.02 
3.88 

19.90 

Fat-supplemented 

Intake (kg/d) 

5.80 
0.43 
6.23 

DE (Meal/d) 

16.02 
3.88 

19.90 



were being maintained. 

Analytical Procedures 
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Serum Lipids: Serum samples were measured for total 

lipid content as decribed under analytical procedures in 

Experiment One. 

Lipoproteins: Plasma lipoprotein separation and 

subsequent LP fraction analysis was performed as described in 

Experiment One. 
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Experiment Three 

General 

Horses: Seven of the eight horses used in Experiment One 

were used. One control filly was removed from the study due 

to behavioral problems. Horses were divided into two groups. 

Group one-exercise, contained 4 horses, 2 fillies and 2 

geldings. Group two-control, had 3 horses, 1 filly and 2 

geldings. The horses in group one had been green broke to 

saddle several months prior to the trial. Horses were housed 

and maintained exactly as in the first two experiments. 

Diet: All horses received the same diet which was 

composed of 80% DE as chopped alfalfa hay and corn, and 20% as 

corn oil. Both the corn and corn oil were added topically to 

the hay. Group 1 received the NRC requirement for moderate 

work while group 2 received the amount required for 

maintenance (Table 3). After a one week adjustment period on 

chopped hay, the horses were fed the experimental diets for 6 

weeks. 

Exercise Program: A standard exercise test (SET) was 

conducted on the four exercise horses at the start and end of 

the trial. Since these horses had been started under saddle 

5 months prior to the start of this study and had not been 

ridden since that time, it was assumed that the horses were in 

an unconditioned state. Therefore, the SETs were used to 



45 

Table 3. Daily Ration and Energy Content of Experiment 
Three 

Requirement 
Control 
Exercise 

Alfalfa hay, chopped 
Rolled corn 
Corn oil 

Total/d 

Alfalfa hay, chopped 
Rolled corn 
Corn oil 

Total/d 

Intake 

Intake 

Mcal DE/d 
19.9 
24.6 

Control 

(kg/d) 

6.60 
0.25 
0.36 
7.21 

Exercise 

(kg/d) 

6.80 
0.85 
0.55 
8.20 

DE (Mcal/d) 

15.80 
0.84 
3.28 

19.92 

DE (Mcal/d) 

16.40 
3.28 
4.92 

24.60 
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assess whether the conditioning program was adequate. The 

first SET consisted of a 5 min. trot on a lunge line as a 

warm-up, a 5 min trot, 5 min lope and a 5 min trot under 

saddle, followed by a 15 min recovery period. The same rider 

was used for the entire study. An onboard heart rate monitor 

(VMax Analytical, Coddington, NY) was used to monitor heart 

rate throughout the test and recovery. At rest, after each 

bout of exercise, and at the end of the recovery period, the 

horses were stopped and a blood sample was obtained for 

lactate analysis. 

The second SET consisted of a 5 min trot on a lunge line 

as a warm-up, a 10 min trot, 10 min lope, and a 10 min lope 

followed by a 15 min recovery period. The same protocol as in 

SET 1 was followed. 

The conditioning program was designed to give the horses 

an aerobic workout under saddle. Exercise consisted of 3 days 

saddle work alternated with 2 days of free-exercise on a hot

walker per week. The duration and or intensity of exercise 

was increased on a weekly basis. Table 4 gives the 6 week 

conditioning program. Due to the fact that these horses were 

green broke, for the first couple of weeks, each of them were 

lunged for a couple minutes prior to being ridden. 

Sampling: At the start and end of the trial, a muscle 

biopsy was obtained as described in Experiment One. Muscle 

samples were frozen at -70°C until analysis. 



Table 4. Conditioning Program for the Exercising Horses 

1 
2 
3 
4 
5 
6 

Trot 

15 
10 
10 
10 
10 
10 

Exercise 
Lope 

5 
10 
10 
10 
15 

(min) 
Trot 

5 
5 

10 
15 
10 
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At 3 and 6 weeks of the trial, serial blood samples were 

obtained as described in Experiment Two. Samples were taken 

initially, at 1 hour post-feeding, every half-hour until 4 

hours, then at 5 and 6 hours post-feeding. Plasma and serum 

samples were frozen at -20°C until analysis. 

Body weights were recorded and monitored at the start, 

middle and end of the trial to ensure that adequate levels 

were being maintained. 

Ultrasound measurements as described in Experiment One 

were taken to monitor body composition. 

Analytical Procedures 

Blood Lactate: Plasma lactate levels were measured in 

the SET samples using enzymatic determination 

Diagnostics, st. Louis, MO). 

(Sigma 

Serum Lipids: Serum samples from the post-prandial 

sampling were analyzed for lipid content according to the 

procedure described in Experiment One. 

Lipoproteins: Plasma lipoprotein separation and 

subsequent LP fraction analysis was performed on post-prandial 

samples as described in Experiment One. 
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statistical Analysis 

Data from experiment one was analyzed using the 

multifactor analysis of variance (Statsgraphics, STSC, Inc. 

Rockville, Maryland) with sex, treatment, and sample date as 

the main effects. Dependent variables included the protein, 

cholesterol, and triglyceride content for each lipoprotein 

variable, total serum lipids, body weight and estimated 

percent body fat. The mean separation procedure test used was 

the least significant difference. 

The data analysis for experiments two and three were 

conducted using repeated measure analysis of variance from the 

GLM procedure of SAS (SAS Institute Inc., Version 6, Cary, 

NC). The dependent variables included the protein, 

cholesterol, and triglyceride content of each lipoprotein 

fractions, and total serum lipids. These variables were 

analyzed using a model that included treatment, horse within 

treatment, date, hour within date, and a treatment by date 

interaction. In addition, a one-way analysis of variance 

(Statsgraphics), least significant difference was used to 

analyze differences between groups at each hour of sampling on 

each individual sampling day. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Experiment One 

Past studies, in which fat was fed to horses, reported 

added dietary fat as a percentage of the diet, not as a 

percentage of energy intake. Therefore, this study based the 

added dietary fat as a percentage of the required digestible 

energy intake (20% DE as corn oil, which gave them almost 22% 

DE as dietary fat). 

At the start of the trial, the mean body weights (Table 

5) of the two groups were almost equivalent (454.0 ± 11.5 kg 

vs. 453.9 ± 14.4 kg, control vs. fat-supplemented). These 

weights continued to remain similar between groups and did not 

differ significantly throughout the 10 week trial. This 

indicates that the horses in the fat-supplemented group were 

able to utilize the 20% DE in corn oil for maintenance 

purposes. In addition, the fat-supplemented horses were able 

to maintain the same percentage body fat throughout the trial, 

further supporting the utilization of the dietary fat (Table 

6). However, there was a significant (P<.05) effect due to 

sex, as the geldings tended to have a higher percentage of 

body fat than the fillies. 



Table 5. 

Week 

0.0 
2.5 
5.0 
7.5 
10.0 

a kg ± SEM 

Mean Body Weightsa of Control and Fat
Supplemented Horses, Experiment One 

Control Fat-Supplemented 

454.0 ± 11. 5 453.9 ± 14.4 
456.0 ± 13.3 456.9 ± 13.3 
450.8 ± 11. 7 447.3 ± 9.7 
441.4 + 8.1 441.8 + 10.2 
452.5 + 7.6 453.5 + 8.2 
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Table 6. 

Week 

0.0 
5.0 
10.0 

Week 

0.0 
5.0 
10.0 

a % + SEM 

52 

Mean Estimated Body Fata in Control and Fat
suprlemented Fillies and Geldings, Experiment 
One 

Fillies 

5.47 ± .40 
6.02 + .40 
5.20 ± .00 

Fillies 

8.21 ± 1.10 
6.57 ± .40 
5.47 + .40 

Control 

Fat-supplemented 

Geldings 

7.12 + .40 
6.84 + 2.30 
6.30 + .00 

Geldings 

9.03 + 1. 50 
9.31 ± 3.50 
9.58 + 3.80 

b Geldings were significantly higher than fillies (P<.05) 
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Table 7 shows the mean lipoprotein lipase activities from 

the muscle samples. Unfortunately, the lipoprotein lipase 

activities of the muscle samples were considerably lower than 

those previously determined for the horse (Lawrence, personal 

communication). This was likely due to a muscle sample that 

was too small in size and had been frozen too long. The 

sample collected weighed approximately .25 mg, and a .5 mg 

sample is recommended for accurate activity results. In 

addition, although Nilsson-Ehle (1987) stated that samples may 

be stored for up to one year at -20°C with a minimal loss of 

activity. This may not be accurate as activity was lost in the 

samples. 

The mean total serum lipids exhibited a treatment by week 

interaction (P<. 01) wherein the lipid values of the fat

supplemented group peaked at mid-trial and decreased by the 

end of the trial, whereas the control group maintained steady 

levels throughout the 10 weeks. There was a sex by treatment 

interaction (P<. 01) with fluctuations between fillies and 

geldings within the two groups (Table 8). 

Total serum lipids increased in the horses on the fat

supplemented diet. Both groups started the trial with similar 

values. The control group, although fluctuated slightly, 

maintained relatively constant lipid values throughout the 

trial. However, the fat-supplemented group increased to mid

trial and then decreased slightly by the end of the trial. 



Table 7. Mean Muscle Lipoprotein Lipase Activitya in 
Control and Fat-supplemented Horses, Experiment 
One 

Week Control Fat-Supplemented 

0.0 .337 ± .030 .257 ± .010 
5.0 .480 ± .070 .291 ± .030 
10.0 .209 ± .040 .235 ± .040 

a pmol FFA released/min/g tissue ± SEM 
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Table 8. 

Week 

0.0 
2.5 
5.0 
7.5 
10.0 

Week 

0.0 
2.5 
5.0 
7.5 
10.0 
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Mean Total Serum Lipid ValuesB in Control and 
Fat-Supplemented Fillies and Geldings, Experiment 
One 

Control 

Filliesb Geldingsb 

3.55 + .07 4.0 + .71 
4.20 + 1.38 3.45 ± .10 
4.23 ± 1. 34 5.07 + 1. 38 
3.80 + .17 4.00 + .11 
3.82 ± .28 4.55 + .35 

Fat-Supplemented 

Filliesb Geldingsb 

4.02 + .10 4.10 ± .07 
3.96 + .59 6.16 ± .06 
8.55 ± .0 9.46 ± 1. 39 
5.10 + 1. 05 10.98 + 2.17 
5.26 + 1.29 7.34 + 1.89 

a mg/ml ± SEM 
b Significantly different sex by treatment interaction 
(P<.Ol) 
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One explanation for this may be attributed to the fact that 

these horses were growing two year olds. Possibly, the extra 

lipid was being utilized for growth. However, this is not 

reflected by the body weights. Perhaps another two weeks on 

the diets would have explained this more fully. The sex 

effect between fillies and geldings may be due to hormonal 

changes and differences, as the fillies were cycling 

reproductively. 

The protein levels in all the lipoprotein fractions are 

shown in Table 9 for the control and fat-supplemented horses. 

There was a significant (P<.Ol) treatment effect in the VLDL, 

HDL, and ALB fractions, wherein the fat-supplemented horses 

exhibited higher amounts of protein than the control horses. 

The HDL fraction was affected (P<.Ol) by week, as the values 

peaked at 7.5 weeks. 

The fat-supplemented horses tended to exhibit higher 

lipoprotein protein values than the control horses. This may 

have been due to a greater quantity of the lipoprotein 

fractions as depicted by higher amplitudes for each fraction 

on the chart recorder upon elution from the gel filtration 

column. One interesting note is that the values from week 7.5 

tended to be higher in the LDL and HDL fractions for both 

groups, than all the other weeks. The reason for this is 

unclear. It may be due to a sampling effect as the time of 

sampling that day may have been slightly different. 
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Table 9. Mean Lipoprotein Proteina Values in Control and 
Fat-Supplemented Horses, Experiment One 

Control 

Week VLDLb LDL HDLb ALBb 

0.0 .006 ± .001 .052 ± .002 .433 + .010d .468 ± .024 
2.5 .008 ± .001 .033 ± .005 .307 ± .085d .464 ± .030 
5.0 .012 ± .002 .030 ± .003 .239 ± .029d MS 
7.5 .007 ± .001 .070 ± .008 .474 + .025e .701 ± .104 
10.0 .008 ± .004 .044 ± .002 .349 + .022d .593 + .001 

Fat-Supplemented 

Week VLDLc LDL HDLc ALBc 

0.0 .009 ± .001 .052 ± .002 .450 + .006d .524 ± .025 
2.5 .011 + .003 .049 + .010 .326 + .062d .546 + .003 
5.0 .013 ± .004 .042 ± .004 .336 + .042d MS 
7.5 .024 + .006 .190 ± .068 .950 ± .252e 1.044 + .223 
10.0 .100 ± .004 .055 ± .007 .407 + .053d .559 + .072 

a mg/ml ± SEM 
bc Those lipoproteins fractions within the same column 
having differing superscripts are significantly different by 
treatment (P<.Ol) 
de Those values within a column with differing superscripts 
are significantly different by week (P<.Ol) 
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Of all the lipoprotein parameters measured, the 

cholesterol levels (Table 10) were affected the most due to 

diet. In LDL and HDL, there was a significant (P<.Ol) 

treatment effect as the fat-supplemented horses exhibited 

higher cholesterol levels than the controls. A sex by 

treatment interaction (P<.05) was noted in the VLDL fraction 

as the fat-supplemented geldings showed higher cholesterol 

levels than the fillies, but the control fillies were higher 

than the control geldings. However, since VLDL is not a 

primary carrier of cholesterol, this interaction is probably 

not of great importance. 

At week 0, prior to receiving the diets, both groups were 

similar in cholesterol levels for each lipoprotein fraction 

(excluding albumin). However, as time progressed, the fat

supplemented group was consistently higher than the control. 

There was a slight increase in the control HDL at weeks 5 and 

7.5, and LDL at week 7.5, however, this may be due to time and 

sampling variability. Similar rises were observed in the fat-

supplemented group. Since the added dietary fat was a 

vegetable oil, there was no extra exogenous cholesterol 

provided to the fat-supplemented group. Therefore, the rise 

in cholesterol must be attributed to endogenous recycling of 

liver products which aid in digestion that are cholesterol 

based. 
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Table 10. Mean Lipoprotein Cholesterola Values in Control 
and Fat-supplemented Horses, Experiment One 

Control 

Week VLDL LDLb HDLb ALB 

0.0 5.7 ± .5 96.0 ± 5.2 128.9 ± 13.1 29.8 ± 2.4 
2.5 8.4 ± 1.2 88.6 ± 10.1 131. 0 ± 12.5 25.1 + 7.7 
5.0 6.0 ± .7 82.7 ± 8.1 154.7 + 11.4 MS 
7.5 6.9 + 1.3 104.8 ± 8.5 136.4 + 7.8 32.6 ± 1.2 
10.0 8.9 ± 2.4 70.2 ± 6.3 113.8 ± 9.0 39.2 ± 5.7 

Fat-supplemented 

Week VLDL LDLc HDLc ALB 

0.0 7.3 ± 1.0 111.8 + 12.9 120.9 ± 8.8 23.2 + 1.4 
2.5 15.3 + 5.9 103.0 + 17.2 168.6 ± 7.6 52.8 ± 30.6 
5.0 38.7 ± 6.3 141.1 + 22.8 202.6 ± 15.4 MS 
7.5 19.5 ± 6.2 111.8 ± 23.8 218.6 + 23.1 39.8 + 3.7 
10.0 13.5 + 5.0 111.2 + 15.6 206.3 + 24.4 25.3 + 5.7 

a mg/dl ± SEM 
bc Those lipoprotein fractions within the same column having 
differing superscripts are significantly different by 
treatment (P<.Ol) 
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The effect of dietary fat on triglyceride levels (Table 

11), was observed primarily in the VLDL fraction. There was 

a sex by treatment interaction (P<.OI) as the fat-supplemented 

geldings had the highest VLDL triglyceride levels, followed by 

the fat-supplemented fillies, control fillies and then the 

control geldings. Although not significant, the LDL 

triglyceride levels changed differently from the VLDL. The 

fat-supplemented horses had very high VLDL triglyceride levels 

which dropped off sharply in the LDL fraction. The control 

horses had moderate levels in the VLDL but did not drop so 

dramatically in the LDL fraction. Actually, the control group 

had higher LDL triglyceride than VLDL at week 5. Triglyceride 

levels in the HDL were greatly varied and did not figure 

significantly. 

As with cholesterol, triglyceride values at week 0 were 

comparable between groups for all fractions. However, the 

fat-supplemented horses increased in triglyceride, especially 

in the VLDL fraction with time. since VLDL is the primary 

carrier for lipid-derived triglyceride, this was expected. 

However, an interaction between treatments in the LDL fraction 

was observed. The control horses, at several time points, had 

higher triglyceride levels than the fat-supplemented group. 

There was also an effect due to week with higher triglyceride 

levels mid-trial for both groups (the fat-supplemented group 

changed with greater magnitude) than at the trial's end. As 
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Table 11. Mean Lipoprotein Triglyceridea Values in Control 
and Fat-Supplemented Fillies and Geldings, 
Experiment One 

Control 

Fillies 

Week VLDLb LDL HDL ALB 

0.0 73.4 + 28.9 57.5 + 21.1 37.1 ± 19.7 0.0 
2.5 59.8 ± 6.1 41.4 ± 20.0 30.6 ± 21.8 2.1 ± 3.1 
5.0 97.4 + 40.0 95.8 + 60.0 34.5 ± 13.3 MS 
7.5 42.0 + 8.5 18.0 + 1.2 .86 + .0 0.0 
10.0 31.3 ± 3.5 21.0 + 7.6 10.1 ± 2.0 2.6 ± 3.7 

Geldings 

Week VLDLb LDL HDL ALB 

0.0 32.5 ± .6 27.6 ± 1.7 9.2 ± 3.8 0.0 
2.5 44.5 + 8.1 42.4 + 18.5 26.3 + 3.1 0.0 
5.0 33.5 ± 5.9 37.8 + 19.1 24.7 + 31.7 MS 
7.5 23.8 + 3.9 25.5 ± 1.6 3.8 ± 1.7 .85 ± .01 
10.0 38.1 + 13.1 33.5 ± 13.6 12.7 ± 6.4 3.4 + 4.8 

Fat-Supplemented 

Fillies 

Week VLDLb LDL HDL ALB 

0.0 52.3 + 9.9 65.9 ± 24.3 10.7 ± 4.1 0.0 ± 
2.5 32.4 + 2.9 26.7 ± 5.2 7.7 + 3.6 .4 + .6 
5.0 150.9 ± 40.2 29.5 ± 13.5 13.6 + 2.6 MS 
7.5 65.3 + 42.5 34.0 ± 25.5 4.6 + 5.3 2.1 ± 2.9 
10.0 28.3 + 2.8 19.4 ± 8.8 9.7 + 10.1 5.2 + 1.2 

Geldings 

Week VLDLb LDL HDL ALB 

0.0 66.4 + 28.2 31.5 ± 10.2 16.5 ± 12.8 0.0 
2.5 147.9 + 59.2 50.3 ± 26.3 12.8 + 2.5 0.0 
5.0 232.1 ± 86.1 45.0 + 8.3 8.5 + 8.8 MS 
7.5 157.6 ± 158.6 82.8 ± 51. 7 17.6 + 9.5 .80 ± 1.2 
10.0 94.8 + 73.1 37.2 + 14.8 15.8 + 11.4 0.0 

a mg/dl ± SEM 
b Significant sex by treatment interaction (P<.Ol) 
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mentioned previously, these horses were at a growth stage and 

perhaps this energy was being used for growth. 

Recently, Watson and others (1991) fractionated horse 

plasma lipoproteins in a similar manner as done in this study. 

Data from both studies were comparable, in that cholesterol 

and triglyceride values for the various lipoprotein fractions 

of the control horses were almost identical to the values 

published by Watson. This strongly supports that the values 

obtained for the control horses are reasonable base-line 

values and the differences observed between the two treatment 

groups are a true effect of added dietary fat. 
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Experiment Two 

After reviewing the results of experiment one, it ylaS 

apparent that horses receiving high amounts of dietary fat 

could adapt and utilize this source of energy well. 

Experiment two was then designed to further investigate these 

adaptations of the horse to a high fat intake. 

Due to the length of time required to separate a plasma 

lipid sample into the various lipoprotein fractions and 

analyze each fraction for content, a limit to the number of 

horses and samples analyzed was set. As a result, only two 

horses were used per group in this trial. The sampling hours 

were different at weeks 2 and 4 than at week 6 because initial 

results indicated more variability than expected at hourly 

interval sampling. Therefore, the decision was made to sample 

on the half-hour for the first 4 hours, and hourly up to 6 

hours post-feeding. The sampling was only carried to 6 hours, 

not 8 hours, again due to sample limitations and analysis. As 

in the first experiment, the horses in experiment two, were 

fed according to NRC recommended requirement levels. However, 

although not significant, all the horses showed a decrease in 

body weight by the end of the 6 weeks (Table 12). Perhaps the 

NRC requirement levels are underestimated. 

considered in subsequent experiments. 

This should be 



Table 12. Mean Body Weightsa of Control and Fat
Supplemented Horses, Experiment Two 

Week Control Fat-Supplemented 

0 432.9 ± 3.5 439.0 ± 2.6 
3 427.9 ± 10.6 431.1 ± 8.0 
6 429.5 + 11. 6 435.2 + 5.5 

a kg ± SEM 

64 
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Figures 2, 3, and 4 depict the mean total serum lipids 

for both groups at 2, 4, and 6 weeks of the trial. In 

general, the fat-supplemented group tended to have higher 

lipid levels than the control. There was also a significant 

horse wi thin treatment effect due primarily to the fat

supplemented gelding who responded with higher lipid levels 

than the other horses. Although not significant (P<.07), the 

effect of hour within week is evident by week 6, as there is 

a distinct difference over time post-feeding between groups. 

At week 2, hours 3 and 5, the control group is higher than the 

fat-supplemented. Also, at week 4, hour 5, the two groups are 

the same, and at week 6, hour 1, the controls are again 

higher. It may be that the fat-supplemented horses are 

adapting to the increased dietary fat and are clearing the 

system faster. This reasoning will be discussed further as 

this section continues. 

The VLDL protein levels (Figures 5, 6, and 7) at 2, 4, 

and 6 weeks of the trial were quite diverse. There were no 

significant overall treatment effects in the VLDL fraction, 

however there was a significant time effect (P<.05). At week 

6, the VLDL protein levels increased, especially in the 

control group. There was also an hour wi thin week effect 

(P<.Ol) due to variablility over time at all three sampling 

periods. In addition, there appeared to be a non-significant 

treatment effect at 1 and 3.5 hours post-feeding on week 6. 
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Figure 2. Mean Total Serum Lipids Over Time in the Control 
and Fat-Supplemented Horses at Week TWo, 
Experiment Two 
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Figure 3. Mean Total Serum Lipids Over Time in the Control 
and Fat-Supplemented Horses at Week Four, 
Experiment Two 
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Figure 4. Mean Total Serum Lipids Over Time in the Control 
and Fat-Supplemented Horses at Week Six, 
Experiment Two 
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Figure 5. Mean VLDL Protein Values Over Time in control and 
Fat-Supplemented Horses at Week Two, Experiment Two 

0.05 

0 Control Week 2 

• Fat-Supplemented 

0.04 

........ 
c 
Q) 

........ 
c 0.03 0_ 
U E 
c"-... 
Q) 01 

+-' E 
° l-

n.. 0.02 
-l 
0 
-l 
> 

/1 0.01 

~ 
0.00 

0 2 3 4 5 6 7 8 

Hours Post-feeding 



70 

Figure 6. Mean VLDL Protein Values Over Time in Control and 
Fat-supplemented Horses at Week Four, 
Experiment Two 
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Figure 7. Mean VLDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Six, Experiment Two 
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Since VLDL is not a primary protein carrier, and the normal 

levels are quite low, any changes in protein would appear 

significant. Therefore the changes in VLDL protein may be 

attributed to sample variability. 

Low density lipoprotein protein (Figures 8 i 9, and 10) 

and HDL protein (Figures 11, 12, and 13) better reflect a 

treatment effect wherein the fat-supplemented group was higher 

than control. Low density lipoproteins are affected by 

treatment (P<.05) and week (P<.Ol) as the protein levels 

increased over the 6 week trial. High density lipoprotein 

protein followed the same trends as LDL. At week 6, there was 

a treatment effect (P<.05) at several time points post-feeding 

(1. 5-3.5 hours) as the fat-supplemented horses had higher 

protein levels. However, at hour 5, there is a reverse in 

protein levels, as 

supplemented horses. 

controls are higher than the fat

As in VLDL, there tended to be a lot of 

fluctuation in the LDL and HDL protein values post-feeding. 

Not in any of the three lipoprotein graphs, can one time point 

post-feeding be chosen to measure peak protein concentration. 

Nor can anyone hour be chosen at which to optimally sample a 

horse for lipoprotein protein determination. This may account 

for some of the variation by week found in the protein values 

of experiment one. 

The lipoprotein cholesterol values for all fractions are 

depicted in Figures 14 thru 22. In the HDL fraction, there 
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Figure 8. Mean LDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week TWo, Experiment Two 
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Figure 9. Mean LDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Four, 
Experiment Two 

0.20 

o Control Week 4 
0.18 (9 Fat-Supplemented 

0.16 

+-' 
c 0.14 -
Q) 

+-' 
C 
0 
u E 0.12 
c ~ 
Q) 01 

...... 
E 0.10 0 

L 
(l 

-1 
0 0.08 --1 

0.06 

0.04 

0.02 
0 2 3 4 5 6 7 8 

Hours Post-feeding 



75 

Figure 10. Mean LDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Six, 
Experiment Two 

0.21 0 Control Week 6 

• Fat -Supplemented 

0.18 

+-' 
c 
<]) 

0.15 +-' 
c 
0 
u E 
c '-..... 
<]) (J) 

...... E 0.12 
0 
L 

(L 

---l 
0 
---l 0.09 

I I 
0.06 I /~ / 

"0 
0.03 

0 2 3 4 5 6 

Hours Post-feeding 



76 

Figure 11. Mean HDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Two, 
Experiment Two 
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Figure 12. Mean HDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Four, 
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Figure 13. Mean HDL Protein Values Over Time in Control and 
Fat-Supplemented Horses at Week Six, 
Experiment Two 
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Figure 14. Mean VLDL Cholesterol Values Over Time in Control 
and Fat-supplemented Horses at Week Two, 
Experiment Two 
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Figure 15. Mean VLDL Cholesterol Values Over Time in Control 
and Fat-Supplemented Horses at Week Four, 
Experiment Two 
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Figure 16. Mean VLDL Cholesterol Values Over Time in Control 
and Fat-Supplemented Horses at Week Six, 
Experiment Two 
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Figure 17. Mean LDL Cholesterol Values Over Time in Control 
and Fat-supplemented Horses at Week TWo, 
Experiment Two 
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Figure 18. Mean LDL Cholesterol Values Over Time in Control 
and Fat-supplemented Horses at Week Four, 
Experiment Two 
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Figure 19. Mean LDL Cholesterol Values Over Time in Control 
and Fat-Supplemented Horses at Week Six, 
Experiment Two 
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Figure 20. Mean HDL Cholesterol Values Over Time in Control 
and Fat-supplemented Horses at Week Two, 
Experiment Two 
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Figure 21. Mean HDL Cholesterol Values Over Time in Control 
and Fat-Supplemented Horses at Week Four, 
Experiment Two 
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Figure 22. Mean HDL Cholesterol Values Over Time in Control 
and Fat-Supplemented Horses at Week Six, 
Experiment Two 
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was an overall treatment effect (P<.Ol) as the fat

supplemented horses were higher in cholesterol than the 

controls. There was a horse within treatment effect (P<.Ol) 

due to the fat-supplemented gelding, as he was consistently 

higher than the other horses. There was also a week response 

(P<.Ol) with higher levels at 2 and 6 weeks than at 4 weeks. 

A treatment by week interaction (P<.Ol) in VLDL was observed 

at week 4. Low density lipoproteins did not show the same 

treatment effect. There was a significant treatment by week 

interaction (P<.05) as the fat-supplemented horses exhibited 

higher levels at 2 and 4 weeks than the controls, but at 6 

weeks, the controls were higher than the fat-supplemented 

group. 

One important point to explain is that the fat

supplemented horses are, for the most part, higher in 

cholesterol except in the LDL fraction at week 4 and 

especially at week 6. High density lipoproteins are 

considered the cholesterol scavenger as it is primarily 

responsible for clearing the system of extra cholesterol. In 

the fat-supplemented horses, an increase in circulating HDL 

would increase the scavenging potential of that lipoprotein. 

As mentioned previously, the fat-supplemented group had larger 

peaks of lipoproteins eluted from the column. If there is 

indeed an increase in HDL quantity, there would be less 

cholesterol for the LDL to accumulate. This theory is 
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supported as the fat-supplemented group exhibited the lower 

LDL cholesterol levels at both weeks. 

explanation for the variation over 

cholesterol. The horse does not 

There is a plausible 

time post-feeding in 

have a gall bladder. 

Normally, the liver secretes bile (which contains bile salts 

that are derived from cholesterol) which is stored in the gall 

bladder. Upon meal consumption, the gall bladder releases the 

bile into the gastric circulation where it aids in the 

digestion of lipid. However, since there is no gall bladder 

in the horse, a constant secretion of bile from the liver 

occurs. This is another reason why a baseline level of 

cholesterol in the horse is difficult to achieve. The fat

supplemented horses, once adapted to the high fat diet, 

produce higher levels of bile to aid digestion and absorption. 

(The bile is ultimately absorbed further down the small 

intestine). This could account for the high cholesterol 

levels, especially in the HDL fraction. Once again, as in the 

protein, there is no specific time post-feeding indicated by 

these data for optimal time of sampling for cholesterol 

content. 

Despite the variability within groups, there was still a 

significant treatment effect (P<.Ol) of the VLDL (Figures 23, 

24, and 25) and LDL (Figures 26, 27, and 28) triglyceride 

levels. However, the two fractions responded differently to 

treatment. The fat-supplemented horses exhibited higher VLDL 
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Figure 23. Mean VLDL Triglyceride Values Over Time in Control 
and Fat-Supplemented Horses at Week Two, 
Experiment Two 
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Figure 24. Mean VLDL Triglyceride Values Over Time in control 
and Fat-Supplemented Horses at Week Four, 
Experiment Two 
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Figure 25. Mean VLDL Triglyceride Values Over Time in Control 
and Fat-supplemented Horses at Week Six, 
Experiment Two 
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Figure 26. Mean LDL Triglyceride Values Over Time in Control 
and Fat-Supplemented Horses at Week Two, 
Experiment Two 
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Figure 27. Mean LDL Triglyceride Values Over Time in Control 
and Fat-supplemented Horses at Week Four, 
Experiment Two 
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Figure 28. Mean LDL Triglyceride Values Over Time in Control 
and Fat-supplemented Horses at Week Six, 
Experiment Two 
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triglyceride levels than the control horses with several time 

points (3-7 hours post-feeding) at week 4 being significantly 

different (P<.05). In LDL, the control horses exhibited 

higher triglyceride levels at 2 and 4 weeks than the fat

supplemented group, again wi th several time points 

significantly different (P<.Ol) between treatments (0, 5, 6 

and 8 hours post-feeding, week 4). There were no apparent 

differences between groups in the HDL triglyceride values 

(Figures 29, 30, and 31). 

Very low density lipoprotein is the primary carrier of 

triglyceride in the horse, which is evident in this 

experiment. since LDL forms from the VLDL remnant, LDL 

triglyceride was expected to follow the same trend, but did 

not. The control horses had moderate levels of VLDL 

triglyceride with slightly smaller amounts in LDL triglyceride 

levels. The fat-supplemented group had high levels of VLDL 

triglyceride with low levels in the LDL. This suggests that 

there is a more efficient clearance of triglyceride from the 

VLDL fraction in the fat-supplemented horses. Consequently, 

the control horses have comparable or higher LDL triglyceride 

levels than the horses receiving fat. The clearance of VLDL 

triglyceride to the extrahepatic tissues is dependent upon 

lipoprotein lipase. Brown and Layman (1987), have shown that 

rats fed a high fat diet responded with increased levels of 

LPL acti vi ty . In this study, the fat-supplemented horses were 
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Figure 29. Mean HDL Triglyceride Values Over Time in Control 
and Fat-supplemented Horses at Week Two, 
Experiment Two 
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Figure 30. Mean HDL Triglyceride Values Over Time in control 
and Fat-supplemented Horses at Week Four, 
Experiment Two 
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Figure 31. Mean HDL Triglyceride Values Over Time in Control 
and Fat-Supplemented Horses at Week Six, 
Experiment Two 
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clearing the VLDL triglyceride from the circulation more 

completely. Therefore it would appear that the LPL activity 

in these animals was increased. However, since the LPL 

analysis on the muscle samples from these horses did not give 

adequate results, a definite conclusion cannot be made. 

To summarize, the fat-supplemented horses were able to 

adapt to the added dietary fat. There was an increase in the 

triglyceride levels in the VLDL fraction which was also 

expected in the LDL fraction. However, LDL triglyceride did 

not increase in the fat-supplemented horses. Therefore, there 

had to be an increase in VLDL triglyceride clearance form the 

circulation, presumably by increased LPL activity. Greater 

levels of triglyceride were able to be absorbed from the gut 

and transported in the VLDL fraction due to an increase in 

liver-produced digestive products. The liver adapted to the 

increased lipid in the diet by producing higher levels of 

bile. Bile is composed primarily of bile salts, which are 

cholesterol derived. In order to keep up the increased bile 

production, more endogenous cholesterol must be reabsorbed 

during digestion. This is evidenced by increased cholesterol 

levels in the LDL and HDL fractions of the fat-supplemented 

horses. In addition, there were greater quantities of LDL and 

HDL produced as supported by the increased protein levels in 

these fractions as well as larger peaks eluted from the 

column. Not only are the horses adapting to the high fat diet 
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by increasing absorption and transport capabilities, but they 

are able to utilize this fat as energy for normal maintenance. 
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Experiment Three 

This trial was designed to examine the effect of exercise 

on the adaptations made by the horse to the high fat diets. 

Therefore, both the control horses and the exercised horses 

received the fat-supplemented diets so as to confirm the 

findings of experiment two and to compare them to any changes 

which may occur during exercise. 

The four horses used in experiment two were assigned to 

the exercise group while the remaining three horses from 

experiment one were considered the control group. Although 

both groups were receiving 20% DE as corn oil, they were being 

fed at different levels. The exercised horses were receiving 

almost double the amount of oil as the control group, as they 

were being fed to meet an exercise requirement level. Both 

groups accepted the fat-supplemented diet readily and 

maintained body weight throughout the study (Table 13). Two 

weeks prior to the trial, the horses in the exercise group 

were saddled and ridden lightly a couple of times to ensure 

gentleness under saddle. The mean estimated body fat (Table 

14) at week 0 was similar between groups (9.5 ± 0.8 vs. 10.2 

± 1.8 %, control vs. exercise) and both groups increased by 

the end of the six week trial. As in the first two 

experiments, the horses were able to utilize the oil in the 

diet as they maintained both body weight and percent body fat 

throughout the 6 week trial. 



Table 13. Mean Body weightsS of Control and Exercised 
Horses, Experiment Three 

Week Control Exercised 

0 490.7 + 9.5 445.9 + 5.3 
3 497.5 + 8.9 458.0 ± 4.1 
6 500.7 + 7.4 467.7 ± 7.4 

a kg + SEM 

103 



104 

Table 14. Mean Estimated Body Fata in Control and Exercised 
Horses, Experiment Three 

Week 

o 
6 

a % + SEM 

Control 

9.5 + .8 
10.2 ± .2 

Exercised 

10.2 ± 1. 8 
12.9 ± 2.3 
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Table 15 gives the mean lipoprotein lipase activities 

from the muscle tissue samples. However, as mentioned in 

results from experiment one, these values are not a true 

indication of LPL activity in this study. 

The standard exercise tests were conducted at the start 

and end of the 6 week trial and used as an indicator of 

conditioning for the exercise group. since the horses were 

receiving fat which is aerobically metabolized, the 

condi tioning program was aimed at improving aerobic 

performance. Duration of exercise was longer and more intense 

in SET 2 as the horses were in a more conditioned state. This 

is reflected by the mean lactate levels measured at rest, 

recovery and after each bout of exercise (Table 16). When 

comparing SET 1 to SET 2, the lactate levels in SET 2 remained 

lower for a longer time into the exercise test than in SET 1. 

Additionally, the horses were able to tolerate higher levels 

of lactate in SET 2 than SET 1 (18.37 ± 6.7, SET 2, vs. 11.61 

± 2.73 mg/dl, SET 1). Mean heart rates (Table 17) of the 

exercised horses also improved from SET 1 to SET 2. Maximum 

heart rates during SET 1 occured at 15 min of exercise (167.4 

± 17.9 beats/min) whereas during SET 2, maximum heart rate did 

not occur until 30 min of exercise, and was lower than in SET 

1 (154.3 ± 9.7 beats/min). 

Even though the exercised group received more corn oil, 

a treatment by week interaction (P<.l) reveals similarity in 



Table 15. Mean Muscle Lipoprotein Lipase ActivityB in 
Control and Exercised Horses, Experiment Three 

Week 

o 
6 

Control 

1.136 ± .474 
.491 ± .049 

B pmol FFA released/min/g tissue ± SEM 

Exercised 

.898 ± .197 

.675 + .140 

106 
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Table 16. Mean Lactatea Levels in Exercised Horses, 
Experiment Three 

Set 1 Set 2 

Rest 7.63 ± .27 Rest 6.42 ± .48 
5 min. lunge 6.78 ± .77 5 min. lunge 3.65 ± .32 
5 min. trot 6.74 + .77 10 min. trot 3.25 ± .59 
5 min. lope 11.61 + 2.73 10 min. lope 13.19 ± 3.84 
5 min. trot 6.69 + 1.47 10 min. lope 18.37 ± 6.70 

15 min. rec. 7.59 + .83 15 min. rec. 12.70 ± 2.83 

a mg/dl ± SEM 
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Table 17. Mean Heart Rate8 Levels in Exercised Horses, 
Experiment Three 

Set 1 Set 2 

Rest 49.8 + 3.4 Rest 47.7 ± .9 
5 min. lunge 143.2 + 20.3 5 min. lunge 100.8 + 4.4 
5 min. trot 124.0 + 15.6 10 min. trot 109.7 + 5.0 
5 min. lope 167.4 ± 17.9 10 min. lope 147.1 + 9.7 
5 min. trot 141.1 ± 24.2 10 min. lope 154.3 ± 9.7 

15 min. rec. 64.5 ± 3.5 15 min. rec. 64.0 + 5.0 

8 beats/min ± SEM 
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total serum lipid values between groups at week 3, but by week 

6, the exercised group was higher than the control (Figures 32 

and 33). This is the first indication that the exercised 

horses may be utilizing this fat during exercise. 

As in experiment two, the VLDL protein in this trial 

appeared to change over time (Figures 34 and 35). In the VLDL 

fraction a significant treatment effect (P<.Ol) was seen as 

the control horses had higher levels of protein. 

Additionally, a week effect (P<.Ol) was evident as the protein 

levels are greater at week 6 than week 3. However, the VLDL 

fraction is of little importance with regards to protein 

content and any changes in VLDL protein levels would be 

reflected as significant. The LDL (Figures 36 and 37) and HDL 

(Figures 38 and 39) protein values showed the same variability 

over time as in experiment two. At week 3, both groups are 

similar, however, at week 6, the controls tended to have 

higher levels of protein 2.5-5.0 hours post-feeding. By hour 

6, at both sampling times, the groups came back together to 

the same levels. There is no apparent explanation for this 

difference between groups, except for variability within 

groups. 

There were no treatment effects on VLDL cholesterol 

levels (Figures 40 and 41), however the exercised group 

maintained higher levels of cholesterol than the controls. 

There was a horse within treatment effect (P<.Ol) as one of 
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Figure 32. Mean Total Serum Lipid Values Over Time in Control 
and Exercised Horses at Week Three, 
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Figure 33. Mean Total Serum Lipid Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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Figure 34. Mean VLDL Protein Values Over Time in Control and 
Exercised Horses at Week Three, Experiment Three 
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Figure 35. Mean VLDL Protein Values Over Time in Control and 
Exercised Horses at Week Six, Experiment Three 
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Figure 36. Mean LDL protein Values Over Time in control and 
Exercised Horses at Week Three, Experiment Three 
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Figure 37. Mean LDL Protein Values Over Time in control and 
Exercised Horses at Week Six, Experiment Three 
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Figure 38. Mean HDL Protein Values Over Time in control and 
Exercised Horses at Week Three, Experiment Three 
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Figure 39. Mean HDL Protein Values Over Time in Control and 
Exercised Horses at Week Six, Experiment Three 
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Figure 40. Mean VLDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Three, 
Experiment Three 
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Figure 41. Mean VLDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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the exercised geldings was consistently higher than all the 

other horses. Low density lipoproteins (Figures 42 and 43), 

exhibited a treatment response (P<.05) at both 3 and 6 weeks 

of the trial. The control horses had higher LDL cholesterol 

than the exercised horses with significant differences (P<.Ol) 

at almost all sampling times post-feeding (1, 2, 2.5, 3, 3.5, 

4, 5, and 6 hours at week 3; 0, 1, 2, 3, 3.5, 4, and 5 hours 

at week 6). High density lipoprotein cholesterol (Figures 44 

and 45), varied within the treatment effect (P<.Ol). Depending 

on time post-feeding, the control and exercise groups had 

alternating higher levels. However, the exercise group is 

higher more of the time than the controls. There was also a 

significant week effect (P<.Ol) as the cholesterol values for 

both groups were higher at 6 weeks than 3 weeks. In all three 

fractions, the same horse in the exercised group is providing 

a horse within treatment effect (P<.Ol) as he is consistently 

higher in HDL cholesterol levels than the rest of the other 

horses. 

The unexpected finding in these data is that the 

exercised group, which was receiving more oil, had 

considerably lower LDL cholesterol than the control. As 

postulated in experiment two, one adaptation of the horse to 

increased dietary lipid is to increase bile production. This 

in return, increases cholesterol content in both the LDL and 

HDL fractions. This trial reflects this theory wherein both 
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Figure 42. Mean LDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Three, 
Experiment Three 
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Figure 43. Mean LDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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Figure 44. Mean HDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Three, 
Experiment Three 
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Figure 45. Mean HDL Cholesterol Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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the control and exercised groups maintained HDL cholesterol 

levels equivalent to those of the fat-supplemented group in 

experiment two. However, the LDL cholesterol levels in the 

exercised horses were considerably lower than the control 

horses and the fat-supplemented horses of experiment two. In 

humans, exercise training has been shown to decrease LDL 

cholesterol while increasing HDL cholesterol (Nikkila et al., 

1978). In this instance, it was suggested that there was just 

a shift from one carrier to another. However, Peltonen and 

others, (1981), suggested that there is a decrease in hepatic 

triglyceride lipase at the hepatic endothelial cells. This 

enzyme, upon hydrolysis of triglyceride, also causes the 

release of cholesterol from LDL and HDL. Exercise tends to 

decrease this enzyme activity thus causing higher HDL 

cholesterol levels. But in that case, the LDL levels of 

cholesterol would also remain elevated. The explanation for 

lower LDL cholesterol with exercise must be associated with 

VLDL, the precursor of LDL. 

Very low density lipoprotein triglyceride content 

(Figures 46 and 47) decreased by six weeks of the trial in the 

exercise group. A significant treatment by week interaction 

(P<.1) was seen at week 3, as the exercise horses had higher 

VLDL triglyceride levels than the control. However, by 6 

weeks, the exercised horses were the same as or lower in VLDL 

triglyceride than the controls. Low density lipoprotein 
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Figure 46. Mean VLDL Triglyceride Values Over Time in control 
and Exercised Horses at Week Three, 
Experiment Three 
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Figure 47. Mean VLDL Triglyceride Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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triglycerides (Figures 48 and 49), responded differently than 

the VLDL as a significant treatment effect (P<.05) was seen. 

The control horses had higher LDL triglyceride levels than the 

exercised horses at both 3 and 6 weeks, however, the 

difference between the two groups is less at 6 weeks than at 

3 weeks. High density lipoprotein triglyceride (Figures 50 

and 51) more closely followed the trend of VLDL as at week 3, 

the exercised horses were higher in triglyceride than the 

controls. By week 6, the two groups were similar in HDL 

triglyceride content. As with cholesterol, a significant 

horse within treatment effect (P<.05) occured as one horse in 

the exercise group was consistently higher than all the other 

animals. 

Humans that were endurance trained also showed a decrease 

in VLDL triglyceride levels (Nikkila et al., 1978). There 

have been two explanations for this decrease in humans: one, 

a general decrease of VLDL production by the liver (Schriewer 

et al., 1983); two, an increase in muscle lipoprotein lipase 

activity (Kantor et al., 1984). There is no concrete evidence 

to support a decrease in VLDL by the liver, however actual 

measurements of LPL have been recorded. As discussed in 

experiment two, an increase in LPL activity would increase 

VLDL triglyceride clearance. Kantor and others (1984), found 

that exercise increased LPL activity in humans. Therefore, 

the horses in this study may have had increased LPL activities 
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Figure 48. Mean LDL Triglyceride Values Over Time in control 
and Exercised Horses at Week Three, 
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Figure 49. Mean LDL Triglyceride Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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Figure 50. Mean HDL Triglyceride Values Over Time in Control 
and Exercised Horses at Week Three, 
Experiment Three 
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Figure 51. Mean HDL Triglyceride Values Over Time in Control 
and Exercised Horses at Week Six, Experiment Three 
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which increased VLDL triglyceride hydrolysis. 

133 

The LDL 

triglyceride levels were also decreased in the exercised 

group. The lower LDL levels of triglyceride in exercised 

horses may be due to less precursor, VLDL, in the circulation. 

This would also explain lower LDL cholesterol levels because 

there is less overall LDL fraction. 
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CHAPTER FIVE 

CONCLUSION 

After reviewing the data from this study, it is apparent 

that the horse can utilize added dietary fat not only for 

basic maintenance, but also for exercise. The first two 

experiments clearly show the increases in cholesterol and 

triglyceride levels in the fat-supplemented horses indicating 

that the oil is indeed being absorbed. Furthermore, 

experiment three reveals, through lower cholesterol and 

triglyceride levels, that this absorbed fat can be used to 

meet energy needs during exercise. It also reveals that there 

are physiological changes in digestion and absorption that may 

be of some importance. In areas of the country where basic 

grain sources can be expensive, unavailable or difficult to 

store, fat, especially in the form of oil, is always 

available. The local grocery store always has vegetable oil 

on the shelf. Actually, in certain areas, buying oil may be 

less expensive than grain. 

The adaptations made by the horses receiving fat can also 

be compared to humans, as the data in this study revealed. 

Therefore, the horse would be an ideal model for further 

research as to the effects of diet on lipoprotein metabolism, 

since many times it is difficult to find human subjects who 

will maintain the strict diet necessary for valid results. 
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This idea is not a new one, as the horse has been used as a 

model in the area of exercise physiology for humans in the 

past. 

continued research in this area is clearly necessary in 

order to further explain the adaptations made by the horse to 

a diet that is high in fat. The optimal amount of added fat, 

the type and form of fat, the interaction of fat with other 

dietary components, and the interaction of fat with different 

intensities of exercise are just a few of the questions that 

can be examined in the research world. 

route of increasing the competitive 

performance of the horse. 

Perhaps this is one 

edge and improving 
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